Importance of Mycorrhizae to Ponderosa 


Pine Seedlings 


Goop DEVELOPMENT of ectotrophic mycor- 
thizae on the roots of forest tree seedlings 
1s generally accepted as necessary for good 
survival and good growth. This is espe- 
cially true in afforestation (Kessel, 1927; 
Hatch, 1937; Rosendahl and Wilde, 
1942). Results of recent tests in the Pacific 
Northwest emphasize the importance of 
mycorrhizae in seedling survival and de- 
velopment. 

Mycorrhizae on higher order plants 
have long been investigated by foresters 
and botanists. Comprehensive reviews of 
the literature have been made by Rayner 
(1927), McArdle (1932), Hatch (1937), 
Bjorkman (1949), and Kelley (1950). 
Mycorrhizae on ponderosa pine were ob- 
served by McComb (1943) on seedlings 
in a forest nursery at Ames, Iowa, but his 
critical studies were mostly on other tree 
species. Stoeckeler’ studied mycorrhizae of 
ponderosa pine (Pinus ponderosa Laws.), 
jack pine (Pinus banksiana Lamb.), and 
blue spruce (Picea pungens Engelm.) at 
Forest Service nurseries in North Dakota 
in the late 1930s. Thomas (1943) re- 


1Stoeckeler, J. H. Memorandum designated 
RS-LS-Regeneration, Nursery, Fn-2. U. S. 
Forest Service, Feb. 10, 1940. Also, memo- 
randum dated October 19, 1955. 
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corded the presence of coralloid mycor- 
rhizae on ponderosa pine in Colorado. 

At the Towner, N. Dak., nursery, 
Stoeckeler found ponderosa pine to be less 
responsive to mycorrhizae than either jack 
pine or blue spruce. However, in a tree 
nursery at Oakes, N. Dak., he found the 
reverse was true. Here the soil was alka- 
line, and phosphate starvation was often 
striking in nonacidified seedbeds. A com- 
bination of acidification and inoculation, 
using moist mycorrhizal soil, resulted in a 
noticeable increase in the percentage of 
plantable 2-0 ponderosa pine stock. 

All these studies were made with the 
Rocky Mountain form of ponderosa pine 
(Pinus ponderosa var. scopulorum En- 
gelm.). This paper reports tests with 
ectotrophic mycorrhizae on ponderosa pine 
in the Pacific Northwest. 


The Problem 


Development of fungal symbionts on 
nursery stock is encouraged by soil acidifica- 
tion (Young, 1938) and the application 
of fertilizers (McComb, 1943). On the 
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Ficure 1. One-year-old ponderosa pine seed- 
lings. A. From untreated (not fumigated ) 
soil. Shows start of mycorrhizal formation 
on roots. B. From fumigated sail. Seedlings 
lack mycorrhizae but have a better developed 
root system. 


other hand, weed eradicants, soil sterilants, 
and toxic chemicals retard their develop- 
ment (Wilde, 1954). 

In 1950, fumigants—such as chloro- 
picrin, methyl bromide and ethylene di- 
bromide—were first used to control a 


Fusarium root rot in ponderosa pine seed- 
heds of a Pacific Northwest forest nursery. 
Soil was fine sandy loam (pH 6.5). In the 
first growing season, seedlings in the chloro- 
picrin-fumigated beds appeared greener and 
more thrifty than those in untreated soil 
(Fig. 1). By the second year, however, 
seedlings in the fumigated beds were 
stunted and chlorotic (Fig. 2 and Table 1) 
Examination of the roots revealed that they 
uniformly lacked mycorrhizae, while roots 
of normal seedlings in untreated soil showed 
an abundance of mycorrhizae. These my- 
corrhizae were white to grey in color, were 
formed typically as ectotrophic mantles 
over the root tips, and were commonly 
dichotomously branched. 


A number of tests were made to com- 
pare the response of mycorrhizal and non- 
mycorrhizal seedlings to field planting. If 
survival and development of these nonmy- 
corrhizal seedlings followed the same pat- 
tern as that established previously, fumiga- 
tion to solve one problem was merely 
creating another. 


Field Test Plantings 


Three preliminary test plantings were made 
with 800 scedlings in April 1951. The 
largest 2-0 nonmycorrhizal ponderosa pine 
seedlings available were sorted from stock 
grown in fumigated soil. Normal-sized 
mycorrhizal seedlings, of the same age but 
somewhat larger, were obtained from stock 


TABLE 1. Average development of ponderosa pine seedlings on fumigated 


(1950) and untreated soil. 


Roots 


Stock and Tops 
soil treatment Length Spread 
Inches Inches Grams 
1-0 stock (Av. 50 seedlings) : 
Fumigated 2.73 1.00 0.240 
Untreated 2275 1.25 0.210 
2-0 stock (Av. 50 seedlings): 
Fumigated 3.88 1.84 0.352 


Untreated 4.71 5.38 1.814 
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Dry weight Length 


Spread Dry weight Mycorrhizae 


Inches Inches Grams 

Tors 3.50 0.250 None 
8.08 3.37 0.136 Few 

9.33 8.95 0.300 Trace 
9.24 10.30 0.994 Abundant 


already sorted for field planting. Then, 
Loth mycorrhizal and nonmycorrhizal seed- 
lings were hand planted in alternate rows 
by regular Forest Service crews. The test 
plots were established on burned-over lands 
in the Tumalo, Two Springs, and Lava 
Butte areas of the Deschutes National 
Forest. 


The mycorrhizal stock showed a higher 
percentage of survival than the nonmycor- 
thizal seedlings at the end of the first 
growing season (Table 2). Statistical tests 
mdicate that the better survival of stock 
with mycorrhizae was not an accident of 
sampling. However, difference in size may 
have influenced survival. 


Deer damage was very heavy on the 
Tumalo and Two Springs plots in the late 
fall and following spring. Therefore, no 
reliable data on survival could he obtained 
after 1 year. Re-examination of seedlings 
in the Lava Butte plot, however, showed 
that the stock originally nonmycorrhizal 
was dying at a decreasing rate each year. 
Random samples showed that mycorrhizae 
had been acquired either from adjacent 
mycorrhizal stock or from mycorrhizal 
fungi in the soil. The difference in size 
continued for 3 years, becoming less each 
year. 


The following year 2-0 ponderosa pine 
seedlings from fumigated beds were care- 
fully sorted and those showing mycorrhizae 
were discarded. Seedlings of the same size 
and age with abundant mycorrhizae were 
obtained by sorting stock grown in un- 
treated soil. A thousand seedlings were 
machine planted at each of two test loca- 
tons on the Deschutes National Forest in 
central Oregon, by Forest Service planting 
crews in mid-April] 1952. Five rows of 
100 seedlings with mycorrhizae were al- 
ternated with an equal number of seedlings 
without mycorrhizae at each location. Sur- 
vival counts were made at several intervals 
after planting and at the end of the first 
growing season. 


-aen 


Ficure 2. Two-year-old (2-0) ponderosa 
pine seedlings. A, From untreated (not 
fumigated) soil. Roots show numerais 
mycorrhizae and seedlings are now normal 
size for 2-0 stock. B. From fumigated soil. 
Seedlings lack mycorrhizae and are no 
larger than 1-0 stock, 


The South Lava Butte plantation, on an 
excellent pine site, showed significantly bet- 
ter survival throughout the first growing 
season for the stock with mycorrhizae 
(Table 3). However, the poor East Lava 
Butte location failed to show significantly 
better survival for mycorrhizal stock at any 
time after planting. The very unfavorable 
growing conditions there, probably due to 
the heavy growth of bunchgrass, apparently 
were sufficient to counteract the benefit of 
mycorrhizae. Both plantings constituted 
severe tests, because 1952 was abnormally 
dry prior to and during the growing sea- 
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TABLE 2. Field survival of nonmycorrhizal and mycorrhizal 2-0 ponderosa 
pine 6 months after planting, 1951, Deschutes National Forest, Oregon. 


Field planting plots 


(formerly forested) Planted 


Number 


Tumalo 

(poor site, recent burn; 

fine sandy pumice) 100 
Two Springs 

(fair site, recent burn, 

heavy brush; rocky, sandy 

loam) 50 
Lava Butte 

(Excellent site, old burn; 

coarse sandy pumice) 250 


Average 


1From gas-fumigated soil, stunted and chlorotic. 
2From soil not fumigated, normal-sized. 


gon. However, the stock was of equal size, 
although somewhat smaller than normal, 
and a direct comparison of survival is be- 
lieved justified. 


At the time the test plantations were 
established, larger 2-0 mycorrhizal stock 
was machine planted in adjacent areas by 
regular Forest Service crews. Survival at 
the end of the 1952 growing season for 
normal-sized seedlings in the South Lava 


Stock without mycorrhizae? 


Stock with mycorrhizac* 


Living Planted Living 
Percent Number Percent 
59 100 75 
40 50 92 
83 250 96 

60.7 87.7 


Butte area was 99 percent, while in the 
East Lava Butte, it was 92 percent. Plant- 
ing loss in the South and East Lava Butte 
test plots for the undersized stock was 
appreciable (Table 3). A check of mycor- 
rhizal seedlings in both test plots after 
6 weeks showed 6 percent of the loss was 
due to faulty planting (mostly too deep). 
There was also some loss due to shallow 
planting, which permitted the roots to dry 
out. 


TABLE 3. Survival of equal-sized but smaller than normal nonmycorrhizal 


Without With 
mycorrhizae mycorrhizae Difference 


and mycorrhizal 2-0 ponderosa pine, 1952, Deschutes National Forest, Oregon. 


Mortality? __ Diff. required 


for significance 


at 5% level 


Plot 
Examined 
after— 
South Lava Butte 6 wks. 
(good site; 2% mo. 
formerly forested) 5 mo. 
East Lava Butte 6 wks. 


(poor site; 5 mo. 
bunchgrass, Idaho fescue) 


Percent 
18.2 7.0 11.2 5.12 
31.0 17.4 13.6 7.23 
64.2 47.2 17.0 16.04 
31.2 23.8 7.4 13.91 
70.8 68.2 2.6 12.60 


1Based on 1,000 machine-planted seedlings in rows of 100 each at each location. 
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Xerocomus as a Mycorrhizal Fungus 


Slipp and Snell (1944) have identified 
many species of Boletaceae that may form 
mycorrhizae with ponderosa pine and other 
western conifers. Examinations of natural 
stands of ponderosa pine in mixture with 
subalpine fir (Abies lasiocarpa (Hook.) 
Nutt.) in the Cascade Range of Oregon 
showed numerous so-called terrestrial toad- 
stools. One of the most commonly occur- 
ring boletes has been tentatively identified 
as Xerocomus sp.” Cultural isolations were 
attempted from the sporophore caps, hy- 
menium, and stipes of several collections, 
but without success. Therefore, a simple 
inoculation technique was employed to de- 
termine if this species of Xerocomus forms 
mycorrhizae with ponderosa pine. 

Nine 6-inch flower pots filled with fine 
sandy loam (pH 6.4) were steam sterilized. 
After the pots were cooled, each was sown 
with 25 washed seeds of ponderosa pine. 
Eight months later the soil in 6 of the 
pots was inoculated with Xerocomus sp. 
Four 2-inch-deep holes were punched into 
the soil with a 14-inch sterilized chisel, and 
one-fourth of each hole was filled with 
chopped tissue of fresh Xerocomus sp. 
sporophore caps. The holes were then 
filled with sterilized soil. Three pots were 
left uninoculated. All pots were placed in 
saucers indoors on window sills, and the soil 
was kept moist with tapwater placed in the 
saucers. 

All together, there were 18 seedlings in 
the uninoculated pots and 21 seedlings in 
the inoculated series. At the time of inocu- 
lation the seedlings averaged about 234 
inches in height. 

Four months after inoculation with 
Xerocomus sp. (seedlings approximately 
l year old), the roots of the plants were 
examined for mycorrhizae. Soil was care- 
fully washed from the roots to prevent loss 


2Personal communication dated October 2, 
1953, from Prof. A. W. Slipp, College of 
Forestry, University of Idaho, Moscow, Idaho. 


of root tips. Roots of the seedlings in the 
Xerocomus-inoculated series showed good 
development of ectotrophic mycorrhizae, 
while those in uninoculated soil showed no 
mycorrhizae. Moreover, the seedlings in 
the inoculated soil were somewhat taller 
and greener than those in the uninoculated 
pots. 


This test, while not conclusive or con- 
forming to pure cultural standards, strongly 
indicates that the Xerocomus sp. tested 
forms mycorrhizae naturally with pon- 
derosa pine. 


Discussion 


Noxious sprays and gases are frequently 
used in forest nurseries to control damping- 
off, root rot, nematodes, insect infestations, 
and weeds. While effective control may 
result from such practices, undesirable 
effects on soil microflora are probable. 
Under certain conditions mycorrhizal fungi 
in the nursery soil will be affected unfavor- 
ably. 

If seedlings are large enough as 1-0 
stock for use in reforestation projects, the 
lack of mycorrhizae will probably not re- 
sult in excessive mortality the first year, 
except under drought conditions. Gen- 
erally, mycorrhizae will be acquired from 
the habitat in the second year to afford the 
seedlings a normal chance of survival. How- 
ever, similar stock used in afforestation may 
give unsatisfactory survival after the first 
year, since mycorrhizae often are not 
present in the soil. 

The use of injurious sprays or gases in 
the nursery may also result in stunted stock. 
In such instances the restricted growth of 
the seedlings may be due to retarded de- 
velopment of mycorrhizae on the plant 
roots. If this 1-0 stock is transplanted to 
untreated soil in the nursery, it probably 
will acquire mycorrhizae and reach plant- 
able size as 1-1 seedlings for field use. 
Transplanting will, of course, temporarily 
interfere with nursery production, raise the 
cost of the stock, and limit the planting 
program. The quality of the stock, how- 
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ever, can be more important than the 
quantity, and good development of my- 
corrhizae will definitely improve the quality 
of such species as ponderosa pine. 


Summary 


Chloropicrin and other poisonous gases used 
as soil fumigants in a ponderosa pine 
nursery destroyed the mycorrhizal fungi. 
At the end of the second year in the seed- 
beds, the nursery stock was stunted and 
chlorotic due to lack of mycorrihizae. 

In 3 field trials of 800 seedlings planted 
on burned-over areas in 1951, stunted 2-0 
nonmycorrhiza] stock showed significantly 
poorer survival than normal-sized 2-0 stock 
with mycorrhizae at the end of the first 
growing season. Difference in size of stock, 
however, may have influenced survival 
somewhat. Losses during the second year 
after planting were not as high as during 
the first year, largely because seedlings 
originally without mycorrhizae had ac- 
quired the symbiont from the soil after 
transplanting. 

Field plantations of 1,000 equal-sized, 
2-0, nonmycorrhizal and mycorrhizal seed- 
lings planted on a good site in 1952 showed 
significantly poorer survival at the end of 
the first growing season for the nonmy- 
corrhizal stock. On 1,000 seedlings on a 
bunchgrass site, there was no significant 
difference, probably due to vegetative com- 
petition. 

By a simple inoculation technique, it was 
found that Xerocomus sp., a bolete, formed 
mycorrhizae on the roots of ponderosa pine 
seedlings. 


Literature Cited 


Byorkman, Erik, 1949, The ecological 
significance of the ectotrophic mycor- 


280 / Forest Science 


rhizal association in forest trees. Svensk 
bot. Tidskr. 43 :223-262. 

Harcu, A. B. 1937, The physical basis 
of mycotrophy in Pinus. Black Rock 
Forest Bull. 6. 168 pp. 

KELLEY, A. P. 1950. Mycotrophy in 
plants. Chron. Bot. Co. Waltham, 
Mass. 223 pp. 

Kessex, S. L. 1927. Soil organisms. The 
dependence of certain pine species on a 
biological soil factor. Emp. For. J. 6 
70-74. 

McArote, R. E. 1932. The relation of 
mycorrhizae to conifer seedlings. J. 
Agric. Res. 44:287-316. 

McComs, A. L. 1943. Mycorrhizae and 
phosphorus nutrition of pine seedlings in 
a prairie soil nursery. Iowa State College 
Res. Bull. 314. Pp. 582-612. 

Rayner, M. C. 1927. Mycorrhiza: an 
account of non-pathogenic infection by 
fungi in vascular plants and bryophytes. 
New Phytol. Repr. No. 15. 246 pp. 

RosENDAHL, R. O. and S. A. WILDE. 
1942, Occurrence of ectotrophic mycor- 
rhizal fungi in soils of cut-over areas 
and sand dunes. Bull. Ecol. Soc. Amer. 
23:73-74. 

SLIPP, A. W. and W. H. SNELL. 1944. 
Taxonomic-ecologic studies of the Bole- 
taceae in northern Idaho and adjacent 
Washington. Lloydia 7:1-66. 

Tuomas, W. D., Jr. 1943. Mycorrhizae 
associated with some Colorado flora. 
Phytopathology 33:144-149. 

Wipe, S. A. 1954. Mycorrhizal fungi. 
Their distribution and effect on tree 
growth. Soil Sci. 78 (1) :23-31. 

Young, H. E. 1938. The acidification of 
alkaline nursery soils for the production 
of exotic pines. Dep. Agric. Qd. Div. 
Pl. Ind. Pamphl. 58. 16 pp. 


